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
Takethetypicalthyristorexcitationsystemincludingtheautomaticvoltageregulator(AVR)and thepowersystem
stabilizer (PSS) as an example, the supply rate of AVR and PSS branch are selected as the energy function of
controller,andthatisaddedtotheHamiltonianfunctionofthegeneratortocompose the totalenergyfunction.By
proper transformation, the standard form of the Hamiltonian model of the generator including AVR and PSS is
derived.ThestructurematrixanddampingmatrixofthemodelincludefeatureparametersofAVRandPSS,which
givesafoundationtostudytheinteractionmechanismofparametersbetweenAVR,PSSandthegenerator.Finally,
thestructuralrelationshipsandinteractionsofthesystemmodelarestudied,theresultsshowthattherelationshipof
structureanddampingcharacteristicreflectedbymodelconsistentwithpracticalsystem.
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
 GeneralizedHamiltoniantheoryhasobtainedmanygreatresultsingeneratorsetandpowersystem,
for example, based on generatorHamiltonianmodel combiningwith other control theories to improve
control performance in [1,2], inwhich thedifferential equations informationofHamiltonianmodel are
used; another energybasic Lyapunov method use the energy function of Hamiltonian model in [3].
Comparingwithtraditionaldifferentialequationmodel,themostsignificantcharacteristicofgeneralized
Hamiltonian system is that the structure and dampingmatrix provide inner correlation information and
interactionmechanismofparameters,however,theexistingresearchesseldomusetheseinformation.One
of the reasons is that the energy function is usually selected but lacks strict theoretical derivation,
therefore, Hamiltonian model obtained is inadequate accurate on description internal correlation
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
mechanism.Untilrecently,theHamiltonianmodelofgeneratorisestablishedintheliterature[4]starting
frombasicdynamicsenergyrelation,andtheproblemthatthederivationofenergyfunctionisnotprecise
is solved; literature [5] using dirac structure researches Hamiltonian system and obtains the Casimir
function.These researches give a base to study and use the relationshipmechanismbetween generator
unitsandpowersystem.
The Hamiltonian model of generator established has various forms, from single machine tomulti
machine,fromsecondordertohigherorder.Evenifinsametypeofthemodel,accordingtothepurpose
of the research, it also can be simplified in varying degrees. One type of Hamiltonian model is
summarizedin[6],thesemodelsareaboutcontrolledobject,whilethepartofcontrollerusuallyneedsto
bedesigned.Even if involving inexcitationandother controller cooperativeor coordination control in
[7],thisthoughtisstillused.
In fact, power system stabilizer (PSS) has become one of the standard configuration in modern
excitationsystem.Therefore,thepurposeofthispaperistoreflecttheeffectsofexcitationandPSSinto
the Hamiltonian system, that is, the controlled object and controller are synthesized into a complete
dynamics system, to reveal interaction mechanism of controller variables and controlled object more
completelyanddetailed,whichmaygiveagoodbasetoresearchthedynamicsmechanismofinteraction
andcouplingbetweencontrollerandobject.

ThethirdorderHamiltonianmodelofgeneratorisgivenasfollowsin[8]:
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Whereδistherotor(rad),D is thedampingcoefficient,rfis theresistanceofexcitationwindinginper
unit,pω1=TjωBω1=Tj*ω1,Tjistheinertiatimeconstant(s),ωBisthebasevalueofangularvelocity,ω1＝ω
1,ωistheangularvelocityinperunit,mtisthemechanicaltorque,ufistheexciationvoltageinperunit,
timevariableisperunitvalues.
Thepfin(1)isthegeneralizedmomentumofexcitationwinding,definedas:pf=XfEq´/Xad
TheHamiltonianfunctionis:
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whereXad is the reactanceof daxis armature reaction inper units,Xd andXd′are the reactance and the
transient reactance of daxis in per unit, Xq is the reactance of qaxis in per unit, Eq′ is the qaxis
electromotiveforceinperunit.
FromHamiltonianfunction(2),followsexpressionscanbeobtained:
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Wheremgisthegeneratorelectromagnetictorque,ifistheexcitationcurrent.
Jing Qian et al. / Physics Procedia 24 (2012) 971 – 978 973Authorname/PhysicsProcedia00(2011)000–000


Denote,=[δ,pω1,pf],(1)canbewrittenasthestandardformofHamiltonianmodel:
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TypicalthyristorexcitationsystemincludingAVRandPSSisshownin[9]asFig.1 
 
Fig.1.ScrexcitationsystemincludingAVRandPSS
InFigure1,thethyristorexcitationissimplifiedaslinearpart,andKAisthegaincoefficient,theAVR
isasimplePIregulator,thePSSincludesgainlink,signalfiltrationlinkandphasecompensationlink,Ks
isthegaincoefficient,Tw,T1andT2arethetimeconstantsinseconds.
The PSS branch shown in Fig.1 is obviously passive, the signal filtration link and the phase
compensation link can be considered as two passive subsystems.The energy of passive system can be
expressedwith energy supply rate in [7], that can be expressedwith port parameters of the input and
output,sotheenergyofPSSbranchis:
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Similarly,theenergyofAVRbranchcanbealsoexpressedwiththissupplyratethatisutv1.Because
the excitation unit is linear part approximately, it meets the principle of superposition, that is
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Equation (6) is the whole energy of controller, it is merged into the Hamiltonian function  (2) to
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Fromabove(7),followexpressionscanbederived:
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Thenewstatevariableexpressionsareobtainedbysolvingaboveequationsasfollow:
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4.1.PSSBranch
TheinputofPSSbranchisanangularfrequencydeviation,thatisω＝ω1,andthesteadyvalueofω1
is 0, so each link of PSS branch satisfies zero initial conditions of the inverse Laplace transform, the
differentialequationsofeachlinkofPSSbranchcanbewrittenasfollows:
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Thesecondequationofsystemequations(1)canberewrittenas:
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Substituting(12),(13)and(16)into(14)and(15)gives
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4.2AVRBranch
ThedifferentialequationofAVRbranchis:
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wherevariablev1isperunitvalue,v10andut0arecorrespondinginitialvalues.
Infact,aboveequationisobtainedfromthedifferentialequationinincrementalform.Accordingto
analysisofequilibriumpoint condition, the two initial valuesof (19) are equal.Therefore, (19) canbe
writtendirectlybytheforminperunit.Substituting(11)into(19)gives
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Theexcitationunitisalgebraicequation:
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Usingthethirdequationof(1)andconsideringtheaboveequation,(11)and(13)yield
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WhereKa=Xf/2Td0´Xad,Td0´isthetransienttimeconstantofdaxis.(11)and(13)areusedfortheabove
derivation.
Reselect=[δ,pω1,pf,v1,v2,vs]T,(16),(17),(18),(20),(22)and(1)canbewritteninunifiedtypeas
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Equation(23)canbefurtherwritteninstandardformofHamiltonianmodel:
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(1)PSSandAVRbranchareregardedaspassivesystems,theirenergycanbeexpressedintermsof
supplyrateofpassivesystem,thatcanbedescribedwithparametersonparts.PuttheparametersofPSS
andAVRintotheHamiltoniansystem,soastomakethededucedHamiltoniancontrolmodelincludethe
structure interconnection information. This method gives a new research idea, that is how to embed
controller into Hamiltonian system and construct complete dynamic system, and study the interaction
mechanismbetweenstructureparametersofcontrollerandparametersofobject.
(2) Dampingmatrix() reflects the damping characteristic of variables on port. In terms of the
dissipation characteristics of Hamiltonian system, it can be known that when() is positive definite
matrix,thesystemisdissipation,andsystemisasymptoticallystable.Seeingfromtheelementsexpression
of(),forexample,oneofthediagonalelementsisR66=-Ks4=(T1/Tw-1)/T2,ifitwasselectedasT1>Tw,
then the output vs of PSS would provide a positive damping, and be favorable for stability. On the
contrary,thevswouldprovidenegativedamping,itwoulddeterioratestabilityofsystem.
Therefore using damping relevance information and its dissipation characteristic revealed by the
matrix(),startingfrominternalconnectiondynamicmechanism,studytheselectionofPSSparameters
andthematchingproblemsbetweenPSS,AVRparametersandsystemparameters.Itispossibletobring
somenewdiscoveries.
(3)Structurematrix()isantisymmetricmatrixandisalsoconstantmatrix,itreflectstheinternal
relevanceamongthestatevariables.Itcanbefoundfromtheabovederivationof()thattheAVRand
PSSparametershaveinfluenceongeneratorstatevariables,theyembodyinthefollowingseveralaspects:
①ThedynamicperformanceofsystemhasbeenimprovedbyPSS,whichitisdonebymeansofvariable
ω and δ indirectly. Elements of the first and second rows in () reflect the law of rotormotion, the
generatorspeediseffectedbyPSSparameters,whichisproportionaltogaincoefficientKsofPSSbranch
and coefficientT1 of phase compensation link, inversely proportional toT2. The effect strong orweak
dependsontheinertiatimeconstantofgeneratorset,andisindependentofsignalfiltrationlink.②onthe
otherhand,theinfluenceofPSSbranchhasbeenembodiedthattheexcitationcurrentrelateswithAVR
andPSS,andtheeffectdegreeisproportionaltogainfactorKAofexcitationunit.

Takinggeneratorbasicenergyasthecore , theHamiltonianmodelincludingexcitationandPSShas
been derived based on the thirdorder model of generator, and compose a complete dynamics system
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
includingobjectandcontrolparameter.Itcouldreflectthestructurerelationofparametersandinteraction
mechanismofPSS,AVRandobject.
Inthispaper,anewideahowtoembedcontrollerintotheHamiltonianmodelandcomposeacomplete
generator dynamics model is proposed. This research method and idea give a new way and good
enlightenmentforstudyingrelevancemechanismbetweencontrollerparametersandobject.
Fromderivedmodel,itcanobtainmorecompleteanddetailinformationbetweencontrolvariablesand
control object,meanwhile it provides a new researchmethod to study theproblemsofPSSparameters
selectionandcooperationbetweenPSS、AVRparametersandsystemparameters.
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